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ABSTRACT 
A series of studies and experiments on the longevity of postlarvae of Penaeus indicus in flexible poly-
ethelene containers with oxygen have indicated that a survival rate of 70% could be obtained at a packing 
density of 250 postlarvae (20 day old) per litre after 24 hours under oxygen packing. When the duration 
was increased to 36 and 48 hours 70% survival was obtained at 100 postlarvae per litre. However for the 
8 day old postlarvae the same survival rate was obtained at packing densities of 300 and 150 postlarvae 
per litre for 24 and 36 hours respectively. Mortality of the postlarvae under oxygen packing has been 
attributed to cannibalism, accumulation of carbondioxide (indicated by the reduced pH) and increase 
in the ammonia. 
INTRODUCTION 
CONSEQUENT to the increasing demand for 
prawn, a major foreign exchange earner for 
the country, there has been an upsurge of 
interest in large scale culture of prawns. How-
ever the success of propagation and intensive 
prawn culture would largely depend on a 
viable seed collection from the wild or from 
the hatchery and its transportation techniques. 
Mohanthy and Patro (1974) have presented 
an account on the collection, transport and 
rearing of postlarvae of penaeid prawns from 
Chilka Lake in Orissa. Seed of Penaeus monodon 
I i and P. indicus have been transported in plas-
tic bags under oxygen packing (De, 1977; 
De and Subrahmanyan, 1975). Subsequently 
I Chakroborti (1978), Varghese (1978), Ali (1978), 
j Dwivedi (1978), Mammen et al. (1978) Ali-
! jkunhi (1980 a, b) and Selvaraj et al. (1980) 
I have presented accounts on transportation 
! of penaeid prawn seeds. However, only little 
is known about the requirements for trans-
: portation of seeds of cultivable prawns in 
j India as also the factors that contribute to 
| ! mortality in transit in a closed system. The 
j present study on the survival of Penaeus indicus 
I postlarvae of different sizes under oxygen 
j packing has been undertaken with a view to 
elucidate some of the important environmental 
factors that contribute to the mortality and to 
find out the optimum density of postlarvae 
that could be packed in a unit volume of 
water for different durations. 
The authors are indebted to Dr. E. G. Silas, 
Director, CMFRI, Cochin for providing faci-
lities and constant encouragements. They are 
also grateful to Sri. K. H. Mohamed for 
providing P. indicus postlarvae for the present 
investigation. Thanks are also due to 
Dr. P. Vedavyasa Rao for useful discussions 
and constructive comments. The Senior au-
thor, a recipient of a Junior Research Fellow-
ship from the Indian Council of Agricultural 
Research, New Delhi for the present investi-
gations, records his thanks to the Council. 
MATERIAL AND METHODS 
For the present study, postlarvae of 
P. indicus of different sizes, reared at the 
Narakkal Prawn Culture Laboratory of 
CMFRI, Cochin were used. The transportation 
bags used were of 4 litre capacity (194 mm 
dia., 165 mm ht) made of H/guage, soft 
non-toxic PVC with a firm base and a double 
safety internal valve and caps provided with 
airtight washers. 
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Three experiments (Expt. I, II and III) were 
conducted using 20 day old (14-18 mm), 8 day 
old (8-12 mm) and 16 day old (13-15 mm) 
postlarvae respectively. The first two expert 
ments (Expt. I and II) were carried out using 
clear sediment free filtered brackishwater 
of salinity 22-25 ppt and the third experiment 
with seawater of 33 ppt collected from inshore 
sea off Narakkal. Experiments I and II were 
carried out for three different durations - 24 
hours, 36 hours and 48 hours. Expt. Ill was 
conducted for 48 hours. Packing densities 
tested were 25, 50, 100, 150, 200 and 300 per 
litre for Expt. I and HI and 50, 100, 150, 
200, 250, 350 and 400 per litre for the second 
experiment (Expt. II). All experiments were 
carried out in triplicate. 
The postlarvae were collected in early morn-
ing hours from the nursery pools using velon 
screen and kept in basins with well aerated 
brackishwater/seawater. Feed was provided 
in these basins and the postlarvae were kept 
for a minimum of 2-3 hours, by which time 
they got well fed and acclimatized. While 
transferring them into the bags, care was taken 
to exclude the excess food material and excreta 
and the postlarvae alone were transferred, by 
gently washing through a wide-mouth funnel. 
The volume of water in all the bags were con-
stant at two litres. Before closing the bags, 
pure oxygen was bubbled through the water 
for one minute and then the bags were tightly 
closed and filled with oxygen through the 
valve. The quantity of oxygen filled in the 
bags were kept constant at two litres. The 
packed postlarvae were kept in a jeep and 
transported to the headquarters of CMFRI, 
Cochin. The duration of this transport was 
about one hour covering a distance of 16 kilo-
metres. In the laboratory the bags were kept 
in a stationary condition for the remaining 
period of the experiments. After the duration 
of each experiment the bags were opened and 
the surviving postlarvae were counted. The 
water was analysed for dissolved oxygen, pH 
and ammonia (NHS + NH4). Water tempe-
rature was also noted as soon as the bags were 
opened. 
The analysis of dissolved oxygen was carried 
out by Winkler's method (Strickland and 
Parson, 1968); the pH using a pH meter (EIL 
portable analog pH meter model No. 3030 
with a combination pH electrode 0-14 pH and 
a temperature compensation electrode) and 
temperature using an ordinary thermometer. 
Ammonia was analysed by the method des-
cribed by Solorzano (1968). The un-ionised 
NH8 was calculated from this by the relation 
given by Whitefield (1975) as: % un-ionised 
ammonia =100 [1 + antilog (pks-pH)]"* 
RESULTS 
Experiment I 
At a packing density of 25 postlarvae per 
litre (25/1) 96.7% of the postlarvae were 
found to be surviving after 24 hours under 
oxygen packing. For the same duration when 
the packing density was increased, the survival 
was found to decrease gradually upto a packing 
density of 250/1 (Fig. 1). The survival rate 
was above 70% upto the packing density of 
250/1. When the packing density exceeded 
250/1, the survival declined considerably with 
almost total mortality of the postlarvae. In the 
case of 36 hours the highest survival rate of 
92.7 % was found in the lowest packing density 
of 25/1, but it decreased to 76.3 % at a packing 
density of 50/1. The mortality of the postlarvae 
between a packing density of 50 and 150 per 
litre was found to be gradual, unlike the heavy 
mortality noticed when the density was changed 
from 25 to 50 per litre. In the case of 150/1, 
the survival rate decreased to 64.3%. At a 
packing density of 200/1 and above the survival 
was very poor and was below 50%. Complete 
mortality was recorded at 300/1. The survival 
rate in the different packing densities for the 
48 hours duration trial showed a similar 
pattern as in the case of the 36 hour duration 
experiment. The survival rate of above 60.0% 
was obtained upto 150/1. 
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The initial oxygen content of the water after 
filling was 15.0 - 16.0 ml 02/l . From the 
oxygen values recorded at the termination of 
; the experiment (Fig. 1) it was noted that the 
, depletion of oxygen was observed only in the 
ent that in the longer duration experiments 
(36 and 48 hours) for the same packing rate, 
almost complete mortality was recorded at 
24 hours most probably due to the high level 
of C02 (indicated by the low pH); afterward 
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Fig. 1. Survival rate of Penaeus indicus seeds (20 day old) at different packing densities and 
durations and the final oxygen and total ammonia concentrations after the 
close of the experiment. 
higher packing densities of over 200/1. This 
is particularly evident in the experiments of 
longer durations (36 and 48 hours). Thus in 
the, 24 hour experiment, when the packing den-
sity was 300/1, the final oxygen level was 0.37 
mi 0,/l and the survival was 1.6%. It is evid-
the dead and decomposing postlarvae alone 
would have contributed to the oxygen depletion 
and the high values of ammonia recorded at 
the termination of the experiment. 
Table 1 gives the pH recorded at the termi-
nation of the experiments. In all the higher 
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packing densities the pH has come down to the 
acidic level. Below a pH of 6.6 considerable 
mortality was recorded. The decrease in pH 
noticed in the higher packing densities may 
be due to the accumulation of carbondioxide. 
The initial level of ammonia (NH8 + NH4) 
in the brackishwater used for the experiment 
was 0.25 ppm. At the end of the experiment, 
the ammonia content was observed to be 
gradually increasing with the increase in the 
number of postlarvae in the 24 hour duration 
experiment (Fig. 1). However, in the 36 and 
48 hours duration experiments, ammonia 
increased suddenly to a high level in the packing 
densities of over 200/1; this increase being 
greatly contributed by the dead and decom-
posing postlarvae observed in these bags. 
Experiment II 
The survival of the postlarvae in the 24 
hour experiment was above 80% in the pack-
ing densities between 50 and 150/1 (Fig. 2). 
It was reduced slightly and was 73% when 
the packing density was increased to 250/1 
for the same duration. At still higher den-
sities of 300, 350 and 400 per litre the sur-
vival did not decline considerably and was 
69, 62 and 57 percent respectively. When the 
duration was increased to 36 hours, 80% 
survival was recorded at a packing density 
of 50/1. It was varying between 70-77% when 
the packing density was raised to 150/1, about 
63-64% at a density of 200-250/1 and above 
this packing density the survival declined to 
less than 60%. In the 48 hours duration ex-
periment about 70% survival was observed at 
a packing density of 50/1. Above this packing 
densities, higher mortality was recorded com-
pared to 24 and 36 hour, the survival rate 
being 50 and 60% at 100-200/1 and between 
40-50% at 250-400/1. 
There was no complete oxygen depletion 
in all the experiments and the minimum level 
of oxygen recorded was 1.3 ml 02/l in the 
highest packing density involving a duration 
of 48 hours (Fig. 2). 
The trend of decline in pH was found to be 
similar to that in the previous experiment 
(Expt. I); the pH value falling below 7.0 in 
higher stocking densities (Table 1). 
TABLE 1. The pH values* recorded at the end of 
experiment 
Packing density 24 hrs 36 hrs 48 hrs 
numbers/L 
EXPERIMENT I 
7.1 
7.0 
6.9 
6.8 
6.7 
6.6 
6.5 
7.1 
7.0 
6.9 
6.75 
6.7 
6.6 
6.45 
7.0 
6.9 
6.8 
6.75 
6.55 
6.5 
6.4 
EXPERIMENT II 
7.4 
7.3 
7.2 
7.1 
7.0 
6.9 
6.8 
6.7 
7.35 
7.18 
7.09 
7.0 
6.88 
6.8 
6.7 
6.6 
7.2 
7.08 
7.0 
6.9 
6.78 
6.72 
6.62 
6.48 
* Each value represents average of three 
In the 24 hour packing experiment the ammo-
nia showed a gradual increase from 1.7 ppm 
at a packing density of 50/1 to 8.7 ppm at a 
packing density of 250/1. It was observed 
that the ammonia content increased at a rapid 
rate, beyond a packing density of 150/1 in 
the 36 and 48 hour experiments (Fig. 2). 
SURVIVAL OF PRAWN LARVAE UNDER OXYGEN PACKING 
Experiment III 
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The results of this experiment are summari-
sed in Table 2. 
At the beginning of the experiment the 
temperature of the medium was less than 
27°C, pH 7.03 and oxygen 15.13 ml 02 / l . 
At a packing density of 25 postlarvae per There was no oxygen depletion even in 
litre the survival was 93.3%. Ten percent higher packing densities and was found to be 
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Survival rate of Penaeus indicus seeds (8 day old) at various packing densities 
and durations and the final oxygen and total ammonia concentrations after 
the close the of experiment. 
decrease in survival was noticed when the 
packing density was doubled (50/1). A sur-
vival rate of 72% was recorded at 150/1 and 
about 60% at 200/1. Above this packing den-
sity, mortality was high. 
above 2.5 ml 02/l at the termination of the 
experiment. The final pH of the medium in 
all the packing densities remained above 
7.0 in contrast to the drastic reduction in pH 
to acidic levels observed in higher densities 
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TABLE 2, Survival rates o /P. indicus seeds (16 day old) at different packing densities and final pH and oxygen 
values recorded in the medium (values in parenthesis represents average) 
Packing density 
Nos/1 Survival (%) pH Oxygen (ml 0,/l) 
25 
25 
25 
50 
50 
50 
100 
100 
100 
150 
150 
150 
200 
200 
200 
250 
250 
250 
300 
300 
300 
90 
94 k 
77 
82 
84 
74.5 
84.0 
69.0 
70.3 
79.3 
66.6 
72.0 
49.3 
60.3 
26.4 
46.2 
35.2 
31.93 
30.00 
34.00 
(93.3) 
(81.0) 
(75.8) 
(72.1) 
(60.5) 
(39.3) 
(31.9) 
7.55 
7.60 
7.60 
7.55 
7.55 
7.50 
7.45 
7.46 
7.45 
7.45 
7.45 
7.40 
7.35 
7.35 
7.40 
7.20 
7.15 
7.15 
7.08 
6.95 
7.10 
(7.58) 
(7.53) 
(7.45) 
(7.43) 
(7.36) 
(7.16) 
(7.06) 
11.28 
10.51 
12.16 
8.51 
7.47 
8.13 
7.68 
7.03 
6.79 
5.45 
6.10 
5.91 
5.19 
5.17 
4.87 
3.08 
4.44 
3.89 
2.57 
2.32 
3.16 
(11.31) 
(8.04) 
(7.17) 
(5.82) 
(5.08) 
(3.80) 
(2.69) 
in the experiments using brackishwater (Expt. 
I & II). 
DISCUSSION 
Packing density of postlarvae per litre of 
water is one of the factors to be looked into 
carefully while transporting the seeds to ponds 
to make prawn culture more economical and 
viable. When the packing density is more, 
survival will be less and vice versa. Therefore, 
to make the transportation economical and 
indirectly the prawn fafihmg 'a pfdfitable avo-
cation, it is essential that maximum number 
of postlarvae must be packed in minimum 
quantity of water, and at the same time get 
good survival. The data of the present experi-
ments were analysed keeping this in view. 
Table 3, shows the number of postlarvae (20 
day old) required for initial packing (at different 
packing densities) and the quantity of water 
required for packing them to get approxi-
mately one lakh of postlarvae after 24, 36 and 
48 hours under oxygen packing. Considering 
the number of postlarvae required and the 
volume of water heeded for packing, the pack-
ing density at which 70% survival is obtained 
seems to be the best for transportation of P. 
indicus postlarvae. 
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The results of the present investigation 
suggesting a packing rate of 250/1 for 20 day 
old P. indicus postlarvae for 24 hr duration 
and 100/1 for 36 and 48 hours duration at a 
survival rate of 70% are comparable with that 
of De (1977). The high survival reported for 
same size seeds at a packing density of 100/1 
for 36 and 48 hours by Selvaraj et al. (1980), 
is obviously due to the continuous oxygenation 
provided in these experiments. The higher 
packing densities (450-900/1) suggested by 
Chakroborti (1978) would be useful only for 
short duration transporation. In general the 
was not provided in the bags. The fact that 
increase of ammonia and decrease in pH were 
noticed as the duration increased from 24 to 48 
hour in the present study even without feeding, 
suggests doubtful utility of feed in closed 
system, as it may further add to the pollution 
of the medium. However, as suggested by 
Alikunhi (1980 a, b) for short duration trans-
portation of small seeds (less than 10 day old) 
feeding and low temperature may reduce canni-
balism and thus increase the survival to a 
considerable extent. That reduced temper-
atures between 17-18°C increased the survival 
TABLE 3. Initial requirement of number of postlarvae (20 day old) to get approximately one lakh of postlarvae 
after 24, 36 and 4% hours at different packing densities computed from the survival rate recorded in 
Expt I and the quality of water in litres required to pack the given number of postlarvae 
Packing 
density 
Nos/1 
25 
50 
100 
150 
200 
250 
No. of 
post-
larvae 
required 
1,03,413 
1,11,483 
1,17,925 
1,26,103 
1,27,551 
1,37,174 
24 
Quantity 
of water 
(litres) 
4137 
2230 
1179 
841 
638 
549 
% survi-
val recor-
ded in 
the pre-
sent study 
96.7 
89.7 
84.8 
79.3 
78.4 
72.9 
36 
No. of 
post-
larvae 
required 
1,078,75 
1,31,062 
1,39,860 
1,55,521 
2,84,091 
— 
Quantity 
of water 
(litres) 
4315 
2621 
1399 
1037 
1420 
— 
% survi-
val recor-
ded in 
the pre-
sent study 
92.7 
76.3 
71.5 
64.3 
35.2 
— 
No. of 
post-
larvae 
required 
1,14,548 
1,36,986 
1,42,248 
1,62,602 
-
"~ 
48 
Quantity 
ofwarer 
(litres) 
4582 
2740 
1422 
1084 
-
" 
% survi-
val recor-
ded in 
the pre-
sent study 
87.3 
73.0 
70.3 
61.5 
-
~ 
survival of the 8 day old postlarvae was found 
to be relatively poor. This could be due to 
I the more frequent moulting and the canni-
balistic behaviour of the early postlarval stage 
as documented by Mammen et al. (1980) and 
Alikunhi (1980 b). 
Though duration of transportation was only 
14 hours, Alikunhi (1980 b) could take 1786 
seeds/1 by feeding with Moina sp. As the 
present investigations were carried out for 
longer durations of 24, 36 and 48 hours, feed 
of prawn seeds during transport has also been 
recorded by Shigueno (1980), Mammen et al. 
(1978), and Ehvivedi (1980). Perhaps this 
explains the better survival recorded in Expt. 
Ill, where a survival of 70 % was obtained at a 
packing density of 150/1 compared to 100/1 
(Expt. I) and 50/1 (Expt. II) for 48 hours dura-
tion experiment, since the temperature during 
the course of Expt. Ill was 26-27 °C and 30-
31°C during Expt. I and II. The effect of tem-
perature is also reflected in better pH and 
oxygen levels recorded at the end of the third 
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experiment compared to the other two experi-
ments. The better pH level could also be 
partly attributed to the buffering capacity of 
seawater. 
It is well known that when prawn seeds are 
transported under oxygen packing, dissolved 
oxygen is not found to be the main cause of 
mortality (De and Subrahmanyam, 1975; De, 
1977; Alikunhi, 1980). The minimum level 
of oxygen at which prawn seeds can sur-
vive ranges between 0.6-0.8 ml 02/l (De and 
Subrahmanyam, 1975; Chakroborti, 1978). It is 
also known that the seeds of P. indicus can 
survive in healthy condition even when the 
oxygen level is at 2.5 ml 02/l and the lethal 
level is at 0.2 ml 02/l or below (Selveraj et al., 
1980). In the present investigation depletion 
of oxygen was found only in higher packing 
densities and when duration involved was 
longer; the oxygen depletion being obviously 
due to the dead and decomposing postlarvae 
remaining in the bags. Evidently the morta-
lity of postlarvae is not due to the depletion of 
oxygen. 
It is fairly well known that the pH of the 
medium during transport decreases concom-
mittant with the accumulation of carbon-
dioxide and cause large scale mortality of fish 
seeds (Me Farland and Norris, 1958; Saha 
et al., 1956). These workers have also reported 
that even when the dissolved oxygen of the 
medium is fairly high the accumulation of 
carbondioxide brings in marked decline in 
pH causing mortality of the seeds. In the 
present investigation high mortality was obser-
ved when the pH fell below 6.6 even when 
the oxygen level was within survival limits. 
It has been reported that total ammonia 
measuring above 80 ppm at a pH of 6.83 (which 
is a NH8 concentration of only 0.27 ppm, 
well below the toxic level reported) is found 
to be lethal to the larvae of Macrobrachium 
rosenbergii (Armstrong et al., 1978). The pre-
sent observation agree with this, as most of 
the postlarvae died when the ammonia (NH» + 
NH4) reached above 80 ppm. Nevertheless 
the toxicity would not have been due to un-ionis-
ed ammonia (NH8) as pH was on the acidic 
side in these packing densities. From Table 4 
TABLE 4. Concentration of un-ionised ammonia (NHS) 
in the total ammonia observed in the present 
investigation (in ppm*) 
Stocking density 
number/L 24 hrs 36 hrs 48 hrs 
EXPERIMENT I 
0.0309 
0.0415 
0.0662 
0.0793 
0.0782 
0.0806 
0.0868 
0.0499 
0.0775 
0.1445 
0.1439 
0.1658 
0.1758 
0.1929 
0.0470 
0.0985 
0.0738 
0.2104 
0.2571 
0.2796 
0.2429 
EXPERIMENT II 
0.0290 
0.0395 
0.0531 
0.0535 
0.0598 
0.0623 
0.0661 
0.0757 
0.0549 
0.0901 
0.1163 
0.1415 
0.1470 
0.1560 
0.1541 
0.1398 
0.0942 
0.1502 
0.1799 
0.1929 
0.1855 
0.2148 
0.1739 
0.1674 
*Each value represents average of three 
it can be seen that in the higher packing den-
sities where the total ammonia is high, the 
un-ionised ammonia is at a very low concen-
tration as the pH is low. Therefore it is reason-
able to assume that the higher content of the 
ionised (NH4) form itself would have affected 
the postlarvae adversely. 
The results of the present investigation have 
provided certain basic information on the 
survival of P. indicus postlarvae at different 
packing densities over varying periods under 
SURVIVAL OF PRAWN LARVAE UNDER OXYGEN PACKING 153 
oxygen packing. The results indicated a sur-
vival of 70% could be obtained at 250/1 after 
24 hours for the 20 day old postlarvae. When 
the duration was increased to 36 and 48 hours 
the same survival rate was obtainable at 100/1. 
However for the 8 day old postlarvae, same 
survival rate was obtainable at 300/1 and 
150/1 packing densities for 24 hours and 36 
hour experiments. The survival was poor 
in the 48 hours experiment even in lower pack-
ing densities. The relatively poor survival of 
the smaller postlarvae, particularly when the 
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